(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(n) EP 0 670 179 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
26.04.2000 Bulletin 2000/17 

(21) Application number: 95103053.5 

(22) Date of filing: 03.03.1995 



(51) mt ci 7: B01J 20/06, B01D 53/02, 
B0 1D 53/12 



(54) Fluidizable sulfur sorbent and fiuidized sorption process 

Fluidisierbares Schwefelsorptionsmittel und Verfahren zur Sorption in einen Wirbelschicht 
Sorbant de soufre fluldisable et procede de sorption en lit fluide 



CQ 



(84) Designated Contracting States: 
AT DE ES FR GB IT 

(30) Priority: 04.03.1994 US 206300 

(43) Date of publication of application: 
06.09.1995 Bulletin 1995/36 

(73) Proprietor: PHILLIPS PETROLEUM COMPANY 
Bartlesville Oklahoma 74004 (US) 

(72) Inventors: 

• Khare, Gyanesh P. 
Bartlesville, Oklahoma 74006 (US) 



• Cass, Bryan W. 
Bartlesville, Oklahoma (US) 

(74) Representative: 

Dost, Wolfgang, Dr.rer.nat., Dipl.-Chem. et al 

Patent- und Rechtsanwalte 

Bardehle . Pagenberg . Dost . Altenburg . 

Geissler . Isenbruck 

Galileiplatz 1 

81679 Munchen(DE) 



(56) References cited: 
EP-A- 0 401 789 
FR-A- 2 295 782 
US-A-5 254 516 



EP-A- 0 553 796 
GB-A-914 398 



^ Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
q notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
1*1 99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 670 179 B1 



Description 

[0001] This invention relates to an improved process for removing hydrogen sulfide from fluid streams. In another 
aspect, this invention relates to a composition suitable for use in such process. A further aspect of this invention relates 
5 to an improved method for the manufacture of a sulfur sorbent suitable for use in the removal of hydrogen sulfide from 
fluid streams. 

[0002] The removal of sulfur from fluid streams can be desirable or necessary for a variety of reasons. If the fluid 
stream is to be released as a waste stream, removal of sulfur from the fluid stream can be necessary to meet the sulfur 
emission requirements set by various air pollution control authorities. Such requirements are generally in the range of 
10 about 10 ppm to 500 ppm of sulfur in the fluid stream. If the fluid stream is to be burned as a fuel, removal of sulfur 
from the fluid stream can be necessary to prevent environmental pollution. If the fluid stream is to be processed, removal 
of the sulfur is often necessary to prevent the poisoning of sulfur sensitive catalysts or to satisfy other process require- 
ments. 

[0003] Traditionally, sulfur sorbents used in processes for the removal of sulfur from fluid streams have been ag- 
15 glomerates utilized in fixed bed applications. Because of the various process advantages from the use of fluidized 
beds, it can be desirable to utilize a fluidized bed of zinc oxide based sorbent in the removal of sulfur components from 
fluid streams. There are, however, a number of problems associated with the development of the use of fluidized beds 
in sulfur sorption that, prior to the discovery of the invention described herein, have not been resolved. Particularly 
conventional methods for the production of fluidizable materials have necessarily required spray drying techniques in 
20 order to obtain particle sizes in the fluidizable range and to obtain the sufficiently spherically shaped particles thought 
to be necessary for fluidization. Spray drying techniques, however, have drawbacks due to their relatively high cost 
and comparatively low production capacity. It would be desirable to have a method for economically producing a flu- 
idizable sorbent material without resort to costly spray drying techniques and to utilize the advantages of a fluidized 
bed in the removal of sulfur compounds from sulfur-containing fluid streams. 
25 [0004] It is thus an object of the present invention to provide a novel method for economically producing a fluidizable 
sulfur sorbent material without resort to the use of a spray drying technique. 

[0005] Another object of this invention is to provide a process for removing hydrogen sulfide from a fluid stream 
utilizing a fluidized bed of sorbent material. 

[0006] In accordance with one aspect of the present invention, there is provided a particulate fluidizable sorbent 
30 composition as defined in claim 7, having a mean particle size in the range of from 20 micrometers to 500 micrometers 
and comprising alumina, silica and zinc oxide. 

[0007] In accordance with another aspect of the invention, there is provided a method of making a fluidizable, zinc 
oxide based sorbent material as defined in claim 1. This method includes mixing appropriate proportions of alumina, 
silica and zinc oxide to form a mixture. The mixture is impregnated with an aqueous solution of a nickel containing 
35 compound to form an impregnated mixture. The impregnated mixture is agglomerated followed by granulation to provide 
a granulated material suitable for use as a fluidizable material. 

[0008] Another aspect of the invention is a process for removing hydrogen sulfide from a fluid stream containing 
hydrogen sulfide as defined in claim 9, by contacting the fluid stream with a fluidizable, zinc oxide based sorbent 
material, and recovering a stream having a concentration of hydrogen sulfide lower than that of the hydrogen sulfide 
40 containing fluid stream. The fluidizable, zinc oxide based sorbent material is a fluidizable sorbent comprising particu- 
lates having a mean particle size in the range of from 20 micrometers to 500 micrometers and comprising alumina, 
silica and zinc oxide. 

[0009] The fluidizable, zinc oxide based sorbent material used in the hydrogen sulfide sorption process include those 
produced by the novel method for making such sorbent material which includes the step of mixing appropriate propor- 
45 tions of alumina, silica and zinc oxide to form a mixture. The mixture is impregnated with an aqueous solution of a 
nickel containing compound to form an impregnated mixture. The impregnated mixture is agglomerated followed by 
granulation to produce a granulated material suitable for use as fluidizable material. 

[0010] Other objects and advantages of the invention will be apparent from the foregoing description of the invention 
and the appended claims as well as from the detailed description of the invention which follows. 

50 [0011] The novel sorption composition described herein is a fluidizable material capable of being fluidized within a 
fluidization zone when contacted by a lifting gas. Thus, it is critical for the sorption composition to have certain physical 
properties in order for it to be both fluidizable and able to remove, by a sorption mechanism, hydrogen sulfide from a 
fluid stream containing hydrogen sulfide. It has been discovered that the method described herein produces a zinc 
oxide based sorbent material that has the properties necessary for fluidization. 

55 [0012] In the manufacture of the fluidizable material, the primary components of alumina, silica and zinc oxide are 
combined together in appropriate proportions by any suitable manner which provides for the intimate mixing of the 
components to provide a substantially homogeneous mixture. A binder can also be incorporated as a component into 
the mixture formed during the mixing step. Such a binder can be any suitable material that provides binding properties 
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including those selected from the group consisting of calcium aluminate, bentonite, kaolin, colloidal silica, sodium 
silicate and any two or more thereof. The amount of binder used in the mixing step can be such as to provide a binder 
concentration in the mixture of from 1 to 20 weight percent of the total weight of the mixture, and, preferably, from 5 to 
20 weight percent. 

5 [001 3] Any suitable means for mixing the sorbent components can be used to achieve the desired dispersion of the 
materials. Many of the possible mixing means suitable for use in the inventive process are described in detail in Perry's 
Chemical Engineers' Handbook, Sixth Edition, published by McG ray-Hill, Inc., at pages 19-14 through 19-24. Thus, 
suitable mixing means can include, but are not limited to, such devices as tumblers, stationary shells or troughs, muller 
mixers, which are either batch type or continuous type, impact mixers, and the like. It is preferred to use a muller mixer 

10 in the mixing of the silica, alumina and zinc oxide components. 

[0014] Once the sorbent components are properly mixed, the mixture is impregnated with an aqueous solution of a 
promoter metal-containing compound selected from a metal oxide compound or a precursor of a metal oxide compound. 
The metal oxides include the oxides of molybdenum, tungsten, and one or more metals selected from Group VIII of 
the Periodic Table. 

is [0015] The metal oxide promoter may be added to the mixture in the form of the elemental metal, metal oxide, and/ 
or metal-containing compounds that are convertible to metal oxides under calcining conditions. Some examples of 
such metal-containing compounds include metal acetates, metal carbonates, metal nitrates, metal sulfates, metal thi- 
ocyanates, and mixtures of two or more thereof. In a preferred embodiment of the present invention, the absorbing 
composition is promoted with a precursor of nickel oxide such as nickel nitrate. 

20 [0016] The elemental metal, metal oxide, and/or metal-containing compounds are added to the mixture by impreg- 
nation of the mixture with an aqueous solution that contains the elemental metal, metal oxide, and/or metal-containing 
compound. 

[0017] In the method of making the fluidizable sorbent composition, the mixture of alumina, silica and zinc oxide can 
be impregnated with an aqueous solution of a metal promoter prior to agglomeration followed by granulation. The 

25 method can also include the impregnation of an agglomerate of the mixture of alumina, silica, and zinc oxide with the 
aqueous solution of the metal oxide followed by granulation. Another alternative includes the impregnation of the gran- 
ulate formed by the granulation of an agglomerate of the mixture of alumina, silica, and zinc oxide with the aqueous 
solution of the metal oxide. If the metal oxide is nickel oxide or a precursor of nickel oxide, it is preferred to perform 
the impregnation step after the granulation step. 

30 [0018] The impregnation solution is any aqueous solution and amount of such solution which suitably provides for 
the impregnation of the mixture of alumina, silica and zinc oxide to give an amount of metal promoter in the final zinc 
oxide based sorbent composition having the concentration of metal promoter as described elsewhere herein. Therefore, 
the aqueous solution can include a promoter metal compound that is both soluble in water and is a metal oxide or a 
metal oxide precursor. The concentration of the promoter metal-containing compound in the aqueous solution can be 

35 in the range of from 0.1 grams of promoter metal -containing compound per gram of water to 2 grams of promoter 
nickel-containing compound per gram of water. Preferably, the weight ratio of promoter metal-containing compound to 
water in the aqueous solution can be in the range of from 0.5:1 to 1 .5:1 but, most preferably, it is in the range of from 
0.75:1 to 1.25:1. 

[001 9] The metal oxide promoter will generally be present in the zinc oxide based sorbent composition in an amount 
40 ranging from 0.1 weight-% to 1 5 weight-%, and will more preferably be in the range of 2.0 weight-% to 1 2.0 weight-%, 
most preferably about 1 .0 weight-%, said weight-%'s being expressed in terms of the metal oxide based upon the total 
weight of the absorbing composition. 

[0020] One of the desirable and unexpected aspects of the invention is that no special and expensive method of 
agglomeration is used to form the agglomerate that is subsequently granulated to form a fluidizable material. Prior to 
45 the discovery of the novel and unexpected method described herein, those skilled in the art of producing fluidizable 
materials believed that, in order to produce such a fluidizable material, expensive spray-drying techniques were re- 
quired. However, the present inventive method utilizes agglomerating, without spray drying, followed by granulating to 
form a sorbent material having the critical properties necessary for fluidizability. 

[0021] Any means suitable for forming an agglomerate of the impregnated mixture can be utilized, provided that no 
50 spray drying techniques are used to form the agglomerate. The agglomerate can be formed by such methods as 
molding, tabletting, pressing, pelietizing, extruding, tumbling and densifying. The preferred method of agglomeration 
is by densification. 

[0022] Various approaches can be used in performing the preferred densification of the mixture. In the preferred of 
these methods, the powdered components are placed in the bowl of a kneader or muller mixer of which the bowl and 
55 blades are rotated while simultaneously adding either water or, preferably, an aqueous acid solution, to the mixture to 
form a paste. The aqueous acid solution can have an acid concentration of from 0.1 to 10 weight percent acid selected 
from the group consisting of HCI, H 2 S0 4 , HN0 3 and CH 3 COOH. The amount of water or aqueous acid solution added 
to the mixture during densification can generally be in the range of from 20 to 60 weight percent of the resultant slurry 



3 



EP 0 670 179 B1 

or paste, but, preferably, it can be in the range of from 30 to 50 weight percent 

[0023] The paste produced by the densification method is dried at a temperature in the range of from 66 to 177°C 
(150°F to 350°F) to form a dried agglomerate. The dried agglomerate can also be calcined at a temperature in the 
range of from 204 to 81 6° C (400° F to 1500°F) and, preferably, in the range of from 427 to 704°C (800° F to 1300°F). 

5 [0024] The final step in the method of making a fluidizable, zinc oxide based sorbent material includes the grinding, 
crushing or granulating of the agglomerate so as to produce a granulated material having the critical physical properties 
necessary for a fluidizable. Any suitable means for granulating the agglomerate into particles having physical properties 
which provide for a fluidizable material can be used. Many of the granulating means or grinding means or crushing 
means suitable for use in the inventive process are described in detail in the aforementioned Perry's Chemical Engi- 

io neers' Handbook, Sixth Edition at pages 8-20 through 8-48. Thus, suitable grinding, granulating or crushing means 
can include such devices as crushers, mills, shredders, and cutters. The preferred apparatus for the size reduction of 
the agglomerate into fluidizable particles include mills. 

[0025] One critical aspect of the inventive processes or methods described herein is the necessary requirement that 
the fluidizable, zinc oxide based sorbent material be particulate material having a mean particle size in the range from 

'5 20 micrometers to 500 micrometers. Preferably, the particles can have a mean size in the range from 40 micrometers 
to 400 micrometers and, most preferably, the particle size can be in the range from 1 00 to 300 micrometers. 
[0026] When referring herein to the term "mean particle size" of the fluidizable material, the term shall mean the size 
of the particulate material as determined by using a RO-TAP Testing Sieve Shaker, manufactured by W.S. Tyler Inc., 
of Mentor, Ohio, or other comparable sieves. The material to be measured is placed in the top of a nest of standard 

20 20.32 cm (eight inch) diameter stainless steel frame sieves with a pan on the bottom. The material undergoes sifting 
for a period of about 10 minutes; thereafter, the material retained on each sieve is weighed. The percent retained on 
each sieve is calculated by dividing the weight of the material retained on a particular sieve by the weight of the original 
sample. This information is used to compute the mean particle size. 

[0027] One of the many unexpected aspects of this invention is that it is an unnecessary requirement for the gran- 
25 ulated material to be substantially spherical in shape in order for it to be fluidizable. But, due to the method by which 
the granulated material is produced, the particles of granulated material are not necessarily spherical in shape. Rather, 
such particles will ordinarily be irregular or random shaped particles, therefore, not substantially spherical. The sur- 
prising aspect of this invention is that the aforementioned irregular or random shaped particles, or non-spherically 
shaped particles, can suitably be used as a fluidized bed material within a fluidization zone. This is possible only due 
30 to the unique combination of physical properties of the sorbent matrix or material imparted by such properties as the 
density and hardness of the mixture, specific components of the mixture, and the size of the particulate material. 
[0028] Another embodiment of the invention includes a drying step whereby the agglomerate is dried prior to gran- 
ulating the thus-dried agglomerate. The agglomerate can be dried prior to granulation preferably at a temperature 
generally in the range of from 66 to 302°C (150°F to 575°F) and, more preferably, in the range of from 93 to 260°C 
35 (200°F to 500^), for a period of time of at least 0.5 hours but, generally, in the range of from 0.5 hour to 4 hours and, 
more preferably, in the range of from 1 hour to 3 hours. 

[0029] The dried agglomerate can also be calcined in the presence of oxygen at a temperature suitable for achieving 
the desired degree of calcination, for example, generally in the range of from 371 to 871°C (700°F to 1600°F) and, 
more preferably, in the range of from 482 to 760°C (900°F to 1400°F). The calcination step is conducted for a period 

40 of time suitable for achieving the desired degree of calcination, for example, generally in the range of from 0.5 hour to 
4 hours and, more preferably, in the range of from 1 hour to 3 hours to produce a material for granulation. 
[0030] The starting alumina component of the composition can be any suitable commercially available alumina ma- 
terial including colloidal alumina solutions and, generally, those alumina compounds produced by the dehydration of 
alumina hydrates. A preferred alumina is boehmite alumina. The alumina can also contain minor amounts of other 

45 ingredients, such as, for example, 1*10 weight percent silica, which do not adversely affect the quality of the final 
composition, but it is generally desirable to have an essentially pure alumina as a starting material for the composition 
of this invention. The starting alumina can be made in any manner well known in the art, examples of which are described 
at length in Kirk-Othmer Encyclopedia of Chemical Technology, 3rd Edition, Vol. 2, pp. 218-240. As an example, a 
suitable commercially available starting alumina for use in the composition of this invention is manufactured by Vista 

50 Corporation, designated as Catapal® and Dispal® aluminas. 

[0031] The zinc oxide used in the preparation of the absorbing composition can either be in the form of zinc oxide, 
or in the form of one or more zinc compounds that are convertible to zinc oxide under the conditions of preparation 
described herein. Examples of such zinc compounds include zinc sulfide, zinc sulfate, zinc hydroxide, zinc carbonate, 
zinc acetate, and zinc nitrate. Preferably, the zinc oxide is in the form of powdered zinc oxide. 

55 [0032] The silica used in the preparation of the absorbing composition may be either in the form of silica, or in the 
form of one or more silicon compounds that are convertible to silica under the conditions of preparation described 
herein. Any suitable type of silica may be used in the absorbing composition employed in the process of the present 
invention. Examples of suitable types of silica include diatomite, silicalite, silica colloid, flame-hydrotyzed silica, hydro- 
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lyzed silica, and precipitated silica, with diatomite being presently preferred. Examples of silicon compounds that are 
convertible to silica under the conditions of preparation described herein include silicic acid, sodium silicate, and am- 
monium silicate. Preferably, the silica is in the form of diatomite. 

[0033] The zinc oxide will generally be present in the sorbent composition in an amount in the range of 10 weight- 
5 % to 90 weight-%, and will more preferably be in the range of 30 weight-% to 90 weight-%, and will most preferably 
be in the range of 45 weight-% to 60 weight-%, when said weight-%'s are expressed in terms of the zinc oxide based 
upon the total weight of the sorbent composition. 

[0034] The silica will generally be present in the sorbent composition in an amount in the range of 5 weight-% to 85 
weight-%, and will more preferably be in the range of 20 weight-% to 60 weight-%, when said weight-%'s are expressed 

10 in terms of the silica based upon the total weight of the sorbent composition. 

[0035] The alumina will generally be present in the sorbent composition in an amount in the range of 5.0 weight-% 
to 30 weight-%, and will more preferably be in the range of 5.0 weight-% to 15 weight%, when said weight-% 's are 
expressed in terms of the weight of the alumina compared with the total weight of the sorbent composition. 
[0036] The process of the present invention is a sorption process for removing sulfur compounds from a gaseous 

15 stream containing therein such sulfur compounds, which particularly include hydrogen sulfide. A fluid stream containing 
hydrogen sulfide is contacted with the sorbent composition of the present invention under suitable sorption conditions 
to substantially reduce the concentration of hydrogen sulfide of the fluid stream without significantly increasing the 
concentration of sulfur dioxide therein. 

[0037] It is believed that the hydrogen sulfide is being absorbed by the sorption composition and thus the terms 
20 "sorption process" and "sorption composition", or like terms, are utilized for the sake of convenience. However, the 
exact chemical phenomenon occurring is not the inventive feature of the process of the present invention and the use 
of the terms "sorption", "sorbent", or like terms in any form are not intended to limit the present invention. 
[0038] The chemical changes that are believed to occur in the sorption composition during this cyclic process are 
summarized in the following equations: 

25 

(I) ZnO + H 2 S -> ZnS + H 2 0 
(II) ZnS + Oxygen -> ZnO + SO x 

30 

[0039] The sorption composition of the present invention may be utilized to remove hydrogen sulfide from any suitable 
gaseous stream. The hydrogen sulfide may be produced by the hydrodesulfurization of organic sulfur compounds or 
may be originally present in the gaseous stream as hydrogen sulfide. Examples of such suitable gaseous streams 

35 include light hydrocarbons such as methane, ethane and natural gas; gases derived from petroleum products and 
products from extraction and/or liquefaction of coal and lignite; gases derived from tar sands and shale oil; coal derived 
synthesis gas; gases such as hydrogen and nitrogen; gaseous oxides of carbon; steam and the inert gases such as 
helium and argon. Gases that adversely affect the removal of hydrogen sulfide and which should be absent from the 
gaseous streams being processed are oxidizing agents, examples of which include air, molecular oxygen, the halogens, 

40 and the oxides of nitrogen. 

[0040] One feature of the inventive sorption process includes contacting a fluid or gaseous stream containing a 
concentration of hydrogen sulfide with a fluidized bed of the sorption composition described herein and contained within 
a fluidization zone. The fluidization zone can be defined by any apparatus or equipment which can suitably define such 
fluidization zone including, for example, a vessel. The contacting gaseous stream serves as the lifting gas to provide 

45 for fluidization. The lift gas will flow upwardly through the bed of sorbent material at a rate such that the frictional 
resistance equals the weight of the bed. The velocity of the lift gas or fluidization gas should be sufficient to provide 
for the required fluidization of the sorbent, but, generally can range from 3.05 to 762 cm/s (0.1 ft/sec to 25 ft/sec). More 
preferably, the velocity of the fluidization gas through the fluidization zone can range from 4.572 to 609.6 cm/s (0.15 
ft/sec to 20 ft/sec) and, most preferably, the fluidization velocity can range from 5.334 to 457.2 cm/s (0.175 ft/sec to 

50 15 ft/sec). 

[0041] The process conditions within the fluidization zone are such that a portion, preferably a substantial portion, 
of the hydrogen sulfide concentration in the fluidization gas stream is reduced by the sorption mechanism or the removal 
of the hydrogen sulfide from the fluidization gas stream by the sorbent composition. Such suitable sorption process 
conditions include a process temperature in the range of from 260 to 1093°C (500°F to 2000°F). Preferably, the con- 
55 tacting temperature can be in the range of from 316 to 982°C (600°F to 1800°F) and, more preferably, it can be in the 
range of from 371 to 927°C (700°F to 1700°F). 

[0042] Any suitable pressure can be utilized for the processes of the present invention. The pressure of the gaseous 
feed stream being treated is not believed to have an important effect on the absorption process of the present invention, 
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and will generally be in the range of from atmospheric to 1 3.8 MPa gauge (2,000 psig) during the treatment. 
[0043] The hydrogen sulfide concentration of the fluid stream to be treated and serving as the fluidization gas or lift 
gas will generally be in the range of from 200 ppmv upwardly to 20,000 ppmv. Particularly, the hydrogen sulfide con- 
centration can range from 300 ppmv to 10,000 ppmv, and, preferably, from 500 ppmv to 5,000 ppmv 
5 [0044] The treated stream exiting the fluidization zone shall have a concentration of hydrogen sulfide below that of 
the stream entering the fluidization zone. Thus, the concentration of hydrogen sulfide in the treated stream can be less 
than 200 ppmv. Most preferably, the concentration is less than 1 50 ppmv and, most preferably, it is less than 1 00 ppmv. 
[0045] The following examples are presented in further illustration of the invention. 

10 Example I 

[0046] Absorbent A was prepared by mixing in a mix-muller, 145.6 g of Vista Chemical Dispal 180 alumina, 462. g 
diatomite silica, and 575.6 g of zinc oxide for 10 minutes. The well-mixed powder was impregnated with 335.6 g of 
nickel nitrate dissolved in 281 g of deionized water over a period of 3 minutes and the resulting mixture further mixed 
15 for 1 0 minutes. Another 68.7 g of deionized water was added to make the mix "wet". The wet paste was agglomerated 
by drying for 16 hours in a draft oven at 158°C (316° F). The dried agglomerates were granulated in a bench top Stokes 
Pennwalt Granulator (Model 43, Stokes Pennwalt, Warminster, PA, fitted with a 40 mesh screen). The product was 
screened through 50 and 140 mesh screens and calcined at 635°C (1175°F) for one hour. 

[0047] In a typical preparation, Absorbent B was prepared by first dry mixing 452 g of diatomite and 568 g of zinc 
20 oxide in a mix-muiler for 15 minutes. While still mixing, 575 g of Nyacol AI-20 colloidal alumina solution was added to 
the powder and the paste further mixed for 25 minutes. The paste was then agglomerated by drying at 149°C (300°F) 
for 1 hour and calcining at 635°C (1175°F) for 1 hour. The agglomerates were granulated using Stokes Pennwalt 
Granulator fitted with a 40 mesh screen. The granulated powder was impregnated with 29.7 g of nickel nitrate dissolved 
in 24.8 g of deionized water per 100 g of powder. The impregnated power was again dried at 149°C (300°F) for 1 hour 
25 and calcined at 635°C (1175°F) for 1 hour. 

[0048] The physical and chemical characteristics of Absorbents A and B are included in Table I. The attrition data 
presented in Tables I and III were obtained by using a procedure similar to that described in U.S. Patent No. 4,010,116. 
Instead of using an attrition index, however, a percent attrition is reported. Percent attrition represents the amount of 
material lost as fines (due to attrition) at the end of 5-hr tests. The values reported in Tables I and 111 may be compared 
30 with a commercial FCC (flu id cracking catalyst) catalyst used in petroleum refinery crackers. One such catalyst, Davison 
Chemicals' GXP-5, under the same test conditions yielded 4.59% attrition. 



Table I 



Physical Properties 


Absorbent A 


Absorbent B 


Particle Size Distribution, % 


>297 microns 


0.4 


0.0 


1 49 microns 


78.0 


65.1 


105 microns 


19.5 


22.7 


88 microns 


1.9 


6.9 


74 microns 


0.1 


4.8 


53 microns 


0.0 


0.5 


<53 microns 


0.0 


0.0 


Bulk Density, g/cm 3 


0.90 


i 1.01 


% Attrition (5-h test) 


19.4 


14.1 



SO 

Example II 

[0049] To test the efficacy of the new fluidizable absorbents, Absorbent B was subjected to a standard absorption 
test in which the absorbent was alternately contacted with a hydrogen sulfide (H 2 S)-containing gaseous stream and 
55 regeneration air. The hydrogen sutfide-containing gas is mixed with the inert gases of carbon dioxide (C0 2 ) and nitrogen 
(N 2 ) and during the absorption step the absorbent is loaded with sulfur to form ZnS. Air is used to regenerate the sulfur- 
laden absorbent to its original ZnO form during the regeneration step. The reactor temperatures for the two steps were 
respectively 427°C (800°F) and 593°C (1100°F). The sulfur loading on the absorbent was determined to be complete 
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when hydrogen sulfide was detected at 100 ppm in the effluent stream, at that point the sulfided material was regen- 
erated in air. 

[0050] The test data for Absorbent B are included in Table II. These data clearly dhow that the absorbents of this 
invention are highly effective in sulfur removal. Even after 13 cycles of operation, the amount of sulfur removed at 
5 breakthrough was quite high. 



Table II 



Hydrogen Sulfide Absorption Test Results Absorbent B 


Cycle # 


Sulfur Loading (%) 


1 


15.4 


2 


14.4 


O 
3 


l o. / 


4 


13.4 


5 


13.0 


6 


12.7 


7 


12.7 


8 


12.5 


9 


12.5 J 


10 


12.2 J 


11 


12.0 || 


12 


11.8 


13 


11.7 I 



30 

Example III 

[0051] Absorbent B was tested in a transport fluid bed reactor test unit at room temperature, using air as lifting gas, 
to determine its fluidizing ability and attrition resistance. The reactor unit consists of a riser (a centra! tube) 7.01 m (23 

35 ft) high that is jacketed with an annulus. 

[0052] The sorbent is fluidized in the riser and circulated between riser and the annulus tubes. In this test, 4.54 kg 
(10 lbs) of sorbent were introduced into the annulus and fluidized with air flowing through the riser (up flow) at a linear 
velocity of 4.57 m/s (15 ft/sec). The fluidization air was controlled at 6.1 cm/s (0.2 ft/sec) in the annulus. This created 
a solid bed height of about 1 .27 m (50 inches) in the annulus and a solid circulation rate of 3.15-10" 2 s (250 Ib/hr). The 

40 average riser bed density was 96 kg/m 3 (6 Ib/cu ft). Later in the test, an additional 4.99 kg (11 lbs) of sorbent were 
added to the annulus to increase solid bed height to 2.67 m (105 inches) and the solid circulation to 7.43-1 0r 2 s (590 
Ib/hr). Thus, in a 4.5 hour test, the absorbent was fluidized at a linear gas velocity of 4.57 - 7.62 m/s (1 5-25 ft/sec) and 
the rate of solid carryover to the downstream dust collector was only 0.4 weight %. This demonstrates that the attrition 
rate is extremely low thereby indicating the durability of the absorbent. 

4S [0053] During the test, the transport fluidized bed system remained very stable indicating exceptionally good fluidi- 
zation characteristics for the sorbent. Thus, the absorbent of this invention is highly durable, has low attrition and 
excellent fluidizing ability even though the absorbent particles are not substantially spherical, which in the prior art was 
though to be a requirement in order for the material to be suitable for use in a fluidized bed reactor. 
[0054] Hydrogen sulfide absorption/sorbent regeneration tests were carried out in a similar transport fluidized reactor 

so test unit additionally having high temperature and high pressure capability. In this test unit, the riser is 9.14 m (30 ft) 
in height. 16.33 kg (Thirty-four lbs) of absorbent were charged into the reactor. The fluidization gas in the annulus was 
maintained at about 5.33 cm/s (0.175 ft/sec) while the gas velocity through the riser was set at 4.57 m/s (15 ft/sec). 
The absorption was carried out at 538°C (1000°F) and 0.69 MPa absolute (100 psia). The absorption test was started 
with 500 ppmv H 2 S in nitrogen feed and incrementally raised to 8,000 ppm when the breakthrough occurred after about 

55 42 hours on stream. The fully sulfided sorbent contained 15.7 wt% sulfur at breakthrough. 

[0055] The sulfided sorbent was regenerated using a mixture of air/nitrogen at 0.45 MPa absolute (65 psia) and 
649°C (1200°F). The gas linear velocity was 4.57 m/s (15 ft/sec). It took 4 hours of the complete regeneration. The 
sulfur content of the absorbent was reduced from 15.7 wt% sulfur to 0.05 wt% sulfur indicating a successful regener- 
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ation. 

[0056] Physical and chemical characteristics of Absorbent B in Fresh, sulfided and regenerated states are included 
in Table III. From this data, it is concluded that the absorbents of this invention are highly durable, have excellent 
fluidization ability, low attrition rate and are highly effective in sulfur removal from fluid streams. It is noted that the 

s absorbents, after sulfiding and regeneration, have essentially the same particle size distribution as the fresh absorbent. 
This shows the material to be durable and hard with low attrition. Surprisingly, the sulfided and regenerated sorbents 
have a lower percent attrition than the fresh sorbent indicating that instead of becoming "soft" during fluid bed operation, 
they actually become "harder." Furthermore, the attrition rate is now comparable to a commercial FCC catalyst. 
[0057] The used sorbent from the pilot fluid bed reactor was also tested in the standard lab test for 1 3 cycles. The 

10 results obtained from the testing of the used sorbent are shown in Table IV. These data suggest that the hydrogen 
sulfide removal efficiency of the sorbent is as good or better after it had been subjected to a harsh, pilot fluidized reactor 
operation. 

Table III 



Properties of Fresh, Sulfided, and Regenerated Fluid Bed Absorbent B 



25 



Physical Properties 
Particle Size Distribution, % 


Absorbent B Fresh 


Absorbent B Sulfided 


Absorbent B Regenerated 


>297 microns 


0.0 


0.0 


0.0 


149 microns 


65.1 


70.4 


63.5 


105 microns 


22.7 


17.7 


18.9 


88 microns 


6.9 


5.5 


7.1 


74 microns 


4.8 


3.5 


4.9 


53 microns 


0.5 


2.8 


5.1 


<53 microns 


0.0 


0.1 


0.5 


Bulk Density, g/cm 3 


1.01 


1.32 


1.23 


% Attrition (5-h test) 


14.1 


5.4 


4.3 



Table IV 



35 



45 



Hydrogen Sulfide Absorption Test Results Absorbent B | 




Fresh Sorbent 


Used Sorbent 


Cycle # 


Sulfur Loading (%) 


1 


15.4 


17.3 


2 


14.4 


14.4 


3 


13.7 


14.4 


4 


13.4 


14.6 


5 


13.0 


14.2 


6 


12.7 


14.2 


7 


12.7 


14.0 |; 


8 


12.5 


14.0 


9 


12.5 


13.5 


10 


12.2 


13.7 


11 


12.0 


13.5 


12 


11.8 


13.4 


13 


11.7 


13.4 
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Claims 

I . A method of making a zinc oxide based sorbent composition suitable for use in a f luidized bed, the steps comprising: 
s - mixing alumina, silica and zinc oxide to form a mixture; 

agglomerating said mixture to form an agglomerate; and 

granulating, grinding or crushing said agglomerate so as to produce a granulated material having a mean 
10 particle size in the range of from 20 to 500 micrometers, suitable for use as a fluidizable material in said 

fluidized bed, wherein either said mixture, said agglomerate, or said granulated material is impregnated with 
an aqueous solution of a promoter metal-containing compound selected from a metal oxide or metal oxide 
precursor of molybdenum, tungsten, and one or more metals selected from Group VIII of the Periodic Table. 

is 2. The method of claim 1 , wherein said promoter-containing compound is selected from a metal oxide or metal oxide 
precursor of nickel. 

3. The method of claim 1 or 2, wherein said aqueous solution has a concentration of said promoter metal-containing 
compound in the range of from 0.1 to 2.0 grams of said promoter metal-containing compound per gram of water. 

20 

4. The method of any of claims 1 to 3, further comprising: prior to the granulating step, drying said agglomerate at a 
temperature in the range of from 66 to 302 °C for a period of time of at least 0.5 hours followed by calcining at a 
temperature in the range of from 371 to 871 °C for a period of time of from 0.5 hour to 4 hours. 

25 5. The method of any of claims 1 to 3, further comprising: drying said agglomerate at a temperature in the range of 
from 66 to 302 °C for a period of time of at least 0.5 hours followed by calcining at a temperature in the range of 
from 371 to 871 D C for a period of time of from 0.5 hour to 4 hours. 

6. The method of any of the preceding claims, wherein said zinc oxide based sorbent composition comprises alumina 
30 in the amount in the range of from 5 to 30 weight percent; silica in the amount in the range of from 5 to 85 weight 

percent; and zinc oxide in the amount in the range of from 10 to 90 weight percent, each based on the total weight 
of the sorbent composition. 

7. A composition prepared by the method of any of the preceding claims. 

35 

8. The composition of claim 7, wherein the granulated material has a mean particle size in the range of from 100 to 
300 micrometers. 

9. A process for removing hydrogen sulfide from a fluid stream, the steps comprising: 

40 

contacting said fluid stream with a fluidization zone containing a fluidized bed of a composition as defined in 
claim 7 or 8; and 

recovering a stream having a concentration of hydrogen sulfide lower than that of said fluid stream. 

45 10. The process of claim 9, wherein the concentration of hydrogen sulfide in said fluid stream is in the range of from 
200 ppmv upwardly to 20,000 ppmv and the concentration of hydrogen sulfide in said stream is less than 200 ppmv. 

II. The process of claim 9 or 10, wherein the velocity of said fluid stream in said fluidzation zone is in the range of 
from 0.03 to 7.6 m/sec. 

50 

12. The process of any of claims 9 to 11, wherein the contacting temperature is in the range of from 93 to 1093 °C 
and the contacting pressure is in the range of from atmospheric to 13.8 MPa gauge (2000 psig). 



55 Patontansprucho 

1 . Verfahren zur Herstellung einer zinkoxidbasierten Sorbenszusammensetzung, die zur Verwendung in einem Wir- 
belbett geeignet ist, das die folgenden Schritte umfaGt: 
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Vermischen von Aluminiumoxid, Siliciumdioxid und Zinkoxid unter Bildung eines Gemisches; 
Agglomerieren des Gemisches unter Bildung eines Agglomerats; und 

5 - Granulieren, Mahlen oder Zerkleinern des Agglomerats unter Herstellung eines Granulatmaterials einer mitt- 

leren TeilchengroBe im Bereich von 20 bis 500 u.m, das zur Verwendung als fluidisierbares Material in dem 
Wirbelbett geeignet ist, wobei entweder das Gemisch, das Agglomerat oder das Granulatmaterial mit einer 
waBrigen Losung einer Promotormetall-haltigen Verbindung, ausgewahlt aus einem Metalloxid oder einem 
Metalloxid-Vorlaufer von Molybdan, Wolfram und einem oder mehreren Metallen, ausgewahlt aus der Gruppe 

io VIII des Periodensystems, durchtrankt wird. 

2. Verfahren nach Anspruch 1 , wobei die Promotor-haltige Verbindung aus einem Metalloxid oder einem Metalloxid- 
Vorlaufer von Nickel ausgewahlt wird. 

15 3. Verfahren nach Anspruch 1 oder 2, wobei die waBrige Losung eine Konzentration der Promotormetall-haltigen 
Verbindung im Bereich von 0,1 bis 2,0 g der Promotormetall-haltigen Verbindung/g Wasser aufweist. 

4. Verfahren nach einem der Anspruche 1 bis 3, das auBerdem folgendes umfaBt: vor dem Granulierschritt Trocknen 
des Agglomerates bei einer Temperatur im Bereich von 66 bis 302 °C fur die Dauer von wenigstens 0,5 h und 

20 anschlieGendes Calcinieren bei einer Temperatur im Bereich von 371 bis 871 °C fur die Dauer von 0,5 h bis 4 h. 

5. Verfahren nach einem der Anspruche 1 bis 3, das auBerdem folgendes umfaBt: Trocknen des Agglomerates bei 
einer Temperatur im Bereich von 66 bis 302 °C fur die Dauer von wenigstens 0,5 h und anschlieBendes Calcinieren 
bei einer Temperatur im Bereich von 371 bis 871 °C fur die Dauer von 0,5 h bis 4 h. 

25 

6. Verfahren nach einem der vorhergehenden Anspruche, wobei die zinkoxidbasierte Sorbenszusammensetzung 
Aluminiumoxid in einer Menge im Bereich von 5 bis 30 Gew.-%, Siliciumdioxid in einer Menge im Bereich von 5 
bis 85 Gew.-% und Zinkoxid in einer Menge im Bereich von 10 bis 90 Gew-%, jeweils bezogen auf das Gesamt- 
gewicht der Sorbenszusammensetzung, enthalt. 

7. Zusammensetzung, hergestellt durch das Verfahren nach einem der vorhergehenden Anspruche. 

8. Zusammensetzung nach Anspruch 7, wobei das Granulatmaterial eine mittlere TeilchengroBe im Bereich von 100 
bis 300 ujti besitzt. 

9. Verfahren zur Entfernung von Schwefelwasserstoff aus einem Fluidstrom, das die folgenden Schritte umfaBt: 

Kontaktieren des Fluidstromes mit einer Fluidisationszone, die ein Wirbelbett einer Zusammensetzung nach 
Anspruch 7 oder 8 enthalt, und 

Gewinnen eines Stromes mit einer Schwefelwasserstoff-Konzentration, die geringer ist als die Konzentration 
des Fluidstromes. 

10. Verfahren nach Anspruch 9, wobei die Schwefelwasserstoff-Konzentration in dem Fluidstrom im Bereich von 200 
45 ppmv bis zu 20000 ppmv liegt und die Schwefelwasserstoff-Konzentration in dem Strom geringer ist als 200 ppmv. 

11. Verfahren nach Anspruch 9 oder 10, wobei die Geschwindigkeit des Fluidstromes in der Fluidisationszone im 
Bereich von 0,03 bis 7,6 m/s liegt. 

50 12. Verfahren nach einem der Anspruche 9 bis 11 , wobei die Kontakttemperatur im Bereich von 93 bis 1093 °C liegt 
und der Kontaktdruck von Atmospharendruck bis 13,8 MPa Uberdruck-(2000psjg),reicht._ 



30 



35 



40 



55 



Revendlcatlons 

1 . Un procede de fabrication d'une composition de sorbant a base d'oxyde de zinc appropriee pour etre utilisee dans 
un lit fluidise, comprenant les etapes consistant a : 
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m6langer de I'alumine, de la silice et de I'oxyde de zinc pour former un melange ; 
agglomerer ledit melange pour former un agglomerat ; et 

granuler, broyer ou concasser ledit agglomerat de facon a produire un materiau granule ayant une dimension 
moyenne de particule comprise dans la gamme de 20 a 500 micrometres approprie pour etre utilise comme 
5 un materiau fluidisable dans ledit lit fluidise, dans lequel sort ledit melange, soit ledit agglomerat, soit ledit 

materiau granule est impregne avec une solution aqueuse d'un compose rent ermant un metal activateur choisi 
parmi un oxyde metallique ou un precurseur d'oxyde metallique de molybdene, de tungstens, et d'un ou plu- 
sieurs metaux choisis parmi le groupe VIII du Tableau pe>iodique. 

to 2. Le procede selon la revendication 1 , dans lequel ledit compose contenant un activateur est choisi parmi un oxyde 
metallique ou un precurseur d'oxyde metallique de nickel. 

3. Le procede selon la revendication 1 ou 2, dans lequel ladite solution aqueuse a une concentration dudit compose 
contenant du metal activateur comprise dans la gamme de 0, 1 a 2,0 g dudit compose contenant du metal activateur 

is par gramme d'eau. 

4. Le procede selon Tune quelconque des revendications 1 a 3, comprenant, en outre, avant retape de granulation, 
le sechage dudit agglomerat a une temperature comprise dans la gamme de 66 a 302°C pendant une periode de 
temps d'au moins 0,5 heure, suivi par la calcination a une temperature comprise dans la gamme de 371 a 871°C 

20 pendant une periode de temps de 0,5 heure a 4 heures. 

5. Le precede selon Tune quelconque des revendications 1 a 3, comprenant, en outre, le sechage dudit agglomerat 
a une temperature comprise dans la gamme de 66 a 302°C pendant une periode de temps d'au moins 0,5 heure, 
suivi par une calcination a une temperature comprise dans la gamme de 371 a 871°C pendant une periode de 

25 temps de 0,5 heure a 4 heures. 

6. Le precede selon Tune quelconque des revendications precedentes, dans lequel ladite composition de sorbant a 
base d'oxyde de zinc comprend de I'alumine selon une quantite comprise dans la gamme de 5 a 30 pourcent en 
poids, de la silice selon une quantite comprise dans la gamme de 5 a 85 pourcent en poids et de I'oxyde de zinc 

30 selon une quantite comprise dans la gamme de 10 a 90 pourcent en poids, chacun calcuie sur le poids total de la 

composition de sorbant. 

7. Une composition pr6par6e par le procede selon I'une quelconque des revendications pr6cedentes. 

35 8. La composition selon la revendication 7, dans laquelle le materiau granule a une dimension moyenne de particule 
comprise dans la gamme de 100 a 300 micrometres. 

9. Un procede pour I'eiimination d'hydrogene sulfure a partir d'un courant de fluide comprenant les etapes consistant 

a: 

40 

mettre en contact ledit courant de fluide avec une zone de fluidisation renfermant un lit fluidise d'une compo- 
sition selon la revendication 7 ou 8 ; et 

r6cup6rer un courant ayant une concentration d'hydrogene sulfure infeheure a celle dudit courant de fluide. 

45 1 o. Le procede selon la revendication 9, dans lequel la concentration d'hydrogene sulfure dans ledit courant de fluide 
se situe dans la gamme de 200 ppmv jusqu'a 20 000 ppmv et la concentration d'hydrogene sulfure dans ledit 
courant est inferieure a 200 ppmv 

11. Le procede selon la revendication 9 ou 10, dans lequel la vitesse dudit courant de fluide dans ladite zone de 
50 fluidisation se situe dans la gamme de 0,03 a 7,6 m/s. 

12. Le procede selon I'une quelconque des revendications 9 a 11 , dans lequel la temperature de mise en contact se 
situe dans la gamme de 93 a 1 093°C et la pression de contact se situe dans la gamme de la pression atmosph6rique 
a 13,8 MPa au manometre (2000 psig). 

55 
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